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THS  I NITI ATION  OF  BRITTLE  tTUgfURS  BY  UEDGi;  P£:ihJTR/'.TION 


1.  Crack  stav-tln.'i  atreas  ond  crack  drlvln/:  stress . 


There  la  a fundamental  difference  between  the  fracture  of  a 
completely  brittle  material  auch  aa  glass  and  the  brittle  (cleavage) 
fracture  of  normally  ductile  low  carbon  steels.  According  to  the 
available  experience,  the  former  process  is  fully  governed  by  the 
Griffith  crack  propagation  condltlon^^ ^ which,  in  the  simple  cnee 
of  a large  plate  under  a uniaxial  tension  stress  <r  , containing  a 
relatively  short  edge  crack  of  length  c,  has  the  form 


<r  = (1) 

where  E is  Yo’ing's  modulus  and  a the  specific  surface  energy  of 
the  surface  of  fracture.  The  crock  starts  to  propagate  when  the 
(mean)  tensile  stress  in  the  plate  reaches  the  value  of  the  prop- 
agating ("driving")  stress  given  by  eq.  (1).  If,  in  the  course  of 
its  propagation,  the  moan  stress  rises  above  the  value  given  by  the 
Griffith  equation,  the  crack  a**celerates;  in  the  opposite  case,  it 

^3) 

decelerates.  It  can  be  shown'  that  eq.  (l)  represents  a necessary 
and  sufficient  condition  of  crack  propagation  in  a fully  brittle 
material . 

In  the  brittle  fracture  of  low  carbon  steels,  two  additional 

(4) 

factors  are  of  fundamental  Importance.  X-rny  photographs  show 
that  a thin  layer  undomoath  the  surface  of  fracture  is  plastically 
distorted;  the  effective  thickness  of  tliis  layer  seems  to  bo  of  the 
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ordor  of  l/lOO  in.,  and  tho  plastic  work  p par  unit  r>f  its  area  is 
rouf'uly  2.10  erf'/crc^"  under  nor.Tial  conditions.  For  this  reason, 
the  work  nuoded  for  extending  the  surface  of  the  creuck  walls  t>y 
unit  area  is  no  longer  a ^ut  . (*  + p;  since  surface  energy  of  the 
coipjT.on  metals  is  of  the  order  of  10  erg/cm  , a Is  negligible 

beside  p,  and  the  Griffith  condition  of  crack  propagation  has  uo 

(5) 

be  replaced  by  the  equation  suggested  by  the  writer  ' 

ff  (2) 

The  second  prominent  feature  of  cleavage  fracture  in  ductile 

steels  is  that  even  the  modified  crack  propagation  condition  (2) 

is  no  longer  a sufficient,  but  merely  a necessary  condition  of 

brittle  fracture.  This  can  be  recognized  in  the  following  way.  It 
C 3 ) 

can  be  shown  ' that,  for  a fully  brittle  material,  the  Griffith 
equation  (1)  expresses  the  condition  that  the  applied  tensile  stress, 
multiplied  by  the  stress  concentration  factor  of  the  crack,  reaches 
tho  value  of  the  molecular  cohesion  ("theoretical  strength")  of  the 
material.  In  other  words,  when  the  mean  tensile  stress  in  the  plate 
reaches  the  value  given  by  eq.  (1),  the  local  tensile  stress  at  the 
tip  of  the  crack  attains  the  maximum  value  that  can  be  withstood 
by  t)ie  intermolecular  forces,  and  then  the  crack  must  start  to  prop- 
agate: eq.  (1),  therefore,  is  a suff Icient  condition  of  fracture 

in  a uniformly  stressed  plate.  With  a ductile  material  like  steel, 
this  is  no  longer  so.  The  local  tensile  stress  at  the  tiji  of  the 
crack  c.an  never  reach  tho  value  of  the  molecular  cohesion:  long 

before  even  one  per  cent  of  this  value  v/ould  arise,  plastic  yielding 
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occurs  and.  redistribates  the  stress  in  the  Eu.rrc'ur.dings  o-f  the 
crach.  On  tha  other  hami,  cleavage  r»vic£u.re  also  at  a 

tensile  stress  far  heiof  the  nolecular  cohesion,  oecaase,  besides 
the  large  crack  sr  notcn  froa  vhlch  brittle  fracture  starts,  the 
Knterial  coat&ins  a aniltltude  of  sticroscopic  or  subnicrosccpic 
cracks  vhich  reducs  Its  tensile  strength  ts  the  iov  value  of  the 
■brittle  stre!3gth"  or  ■cleavage  strength'  vhich  can  be  oeasured 
directly  at  lev  temperatures  oa  sy^ciner.s  containing  no  visible 
crack  or  notch.  Whether  plastic  yielding  or  cleavage  fracture  takes 
place  first  at  the  tip  of  the  cracir  or  notch  dnpiezids  on  the  relative 
sagal tildes  of  the  critical  stresses  for  these  tvo  processes.  The 
ordinary  tensile  test  at  roenn  tenoeraturs  snovs  that  the  yield  stress 
of  Itrv  carbon  steels  In  'iniaxlal  tension  is  lever  trum  their  cleavage 
strergth,  because  yielding  bet  no  brittle  fracture  is  ooserved  in 
the  test.  If,  nevertheless,  cleavage  fracture  scy  occur  at  the  tip 
of  a crack  or  a notch,  this  is  due  to  tvo  facto. t acting  siiscltsneously 
or  individually; 

First,  after  a sli^t  plastic  deformation  has  taken  place  at 
the  tip  of  the  crack,  plastic  ccaistraint  develops:  the  defomed 

region,  beljug  surrounaed  vllh  aiaterial  under  lover  stiress,  requires 
a higher  tensile  stress  to  cvcrcocso  both  its  ovn  resistance  to  plastic 
deforsatlon.  and  tiie  constraining  inj~luence  of  its  surromdings.  In 
this  vay,  a trlaxlai  state  of  tension  arises,  and  the  highest  prin- 
cipal tensile  stress  assy  rise  up  to  about  3 tin»s  the  value  of  the 

(4)(3) 

yield  stress  T in  uniaxial  tension  • Ccnsequently , if  tha 

cleavage  strerigih  B,  though  higher  than  f,  in  lover  thaa  about 
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cloav,-' . e fracture  can  follow  the  local  plastic  defo relation  as  the 

trinxi ality  of  tension  due  to  plastic  constraint  develops. 

Second,  it  is  known  that  the  yield  stress  of  low  carbon  steels 

(6) 

increases  exceptionally  rapidly  with  the  rate  of  deformation' 

. (7 ) 

(ns  also  v;lth  decreasing  temperature  ).  The  cleavage  strength 
does  not  show  this  high  velocity-dependence;  consequently,  at  very 
high  rates  of  deformation  the  yield  stress  may  rise  above  the  cleavage 
strength,  and  then  brittle  fraesure  oefeurs  without  any  preceding 
development  of  plastic  constraint.  This  is  possible  only  if  the 
temperature  is  not  too  high  (perhaps  not  above  the  lower  region 
of  the  Charpy  transition  range),  so  that  the  cleavage  strength  is 
only  moderately  higher  than  the  uniaxial  yield  stress;  in  the  upper 
regions  of  the  transition  range,  the  velocity  effect  must  be  complemented 
by  some  plastic  constraint.  Now  any  plastic  deformation  that  might 
occur  around  the  tip  of  a fast  running  crack  would  have  to  take  place 
at  a very  high  rate:  consequently,  a fast-running  crack  may  prop- 
agate as  a cleavage  crack  without  the  necessity  of  significant  plastic 

deformation  occurring  at  its  tip  to  produce  plastic  constraint. 

(8) 

Ex]ierlment«  show'  that,  for  a reason  that  is  not  entirely 
understood,  considerable  amounts  of  local  plastic  deformation  are 
needed  for  producing  a cleavage  crack  at  the  end  of  a snarp  notch 
or  crack  under  static  loading,  so  that  the  energy  consumption  for 
cleavage  induced  by  plastic  constraint  is  high.  Genuinely  brittle 
(lov/-energy)  cleavago  fracture  occurs  only  if  the  tensile  stress  at 
yielding  is  raised  to  the  level  of  the  cleavage  strength  entirely  or 
mainly  by  the  veloci cy  effect  of  a fast  running  crack.  Since  the  cr-ick 


Kf,-— 
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cannot  reach  a hif^h  velocity  nt  moderate  rates  of  loadiivj  unless  the 
work  of  propagation  is  covered  by  elastic  energy  released  during 
the  propagation,  a necessary  condition  of  genuinely  brittle  fracture 
in  low  carbon  steel  nt  moderate  rates  of  loading  is  eq.  (C);  not 
unless  the  tensile  stress  exceeds  the  value  given  by  (2)  can  the 
rolensed  elastic  energy  both  cover  the  v?ork  of  crack  formation  (as 
represanted  by  the  quantity  p),  and  provide  t}ic  kinetic  energy  for 
accelerating  the  crack. 

It  should  be  remarked  that  cleavago  fract'ure  often  starts  in 
service  under  the  prolonged  action  of  a static  load  without  any 
si^piificant  plastic  deformation  (apart  from  that  in  the  thin  layer 
at  the  surface  of  fracture).  Tne  interesting  possibilities  for 
explaining  this  phenomenon  v/ill  not  be  discussed  here  because  the 
primary  subject  of'  the  present  piiper  is  brittle  crack  propagation 
and  Initiation  in  certain  laboratory  tests  in  which  such  quasi- 
crittle  crack  initiation  under  static  load  has  never  been  observed. 

It  follov's,  then,  that  cleavage  ,_o  in*  low  o-iben  steels 

requires  the  fulfillment  of  tv/o  sets  of  conditions: 

a.  The  cleavage  strength  B must  be  low  enough  to  be  reached 
by  raising  the  uniaxial  yield  stress  '/  through  plastic  constraint 
and/or  the  velocity  effect  of  the  running  crack.  If  q (approx,  = 3) 
is  the  highest  plastic  constraint  obtainable  by  a crack,  and  v the 
ratio  between  the  yield  stress  at  very  high  rates  of  deformation  to 
that  at  static  testing  rates, 

B < q . V . Y (3) 

is  the  condition  for  the  possibility  of  cleavage  fracture  at  the 
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,;iv(;n  torr.yjeriiture  if  cuimfcrfilnt  und  velocity  effect  act  coi.ibitied; 
and 

B<  T . T (4) 

is  the  conditioa  of  geanlneljr  brittle  crack  propagaticc.  iii  vhich 
the  velocity  effect  alone  can  produce  cleavage  fracture,  vlthoat 
the  necessity  e-f  plastic  defometlons  to  cause  constraint. 

b.  If  the  crack  starts  at  aodarate  rates  of  Icadisig,  the 
stress  sEist  be  high  enough  to  produce  jilastie  deforaation  in  a 
region  large  enoogfa  for  developli^  the  necessaTy  plastic  constraint; 
let  <Tg  bo  the  value  of  the  critical  crack-starting  stress  under 
given  conditions. 

If  the  crack  runs  at  high  speed,  so  that  the  velocity  eifnct 
is  a goveniing  factor  In  cleavage  fracture,  the  condition  fox  the 
sitsplied  stress  to  be  hich  cuoagh  to  keep  the  ersek  aovieg  at  hi^ 
velocity  (i.e.,  for  providing  tae  vork  of  pi-opasation  frons  the  re- 
leased elastic  ener^)  Is 


where  is  the  crack  driving  (propagating)  stress- 

It  is  easy  to  see  ti^t,  under  noirsal  conditions,  the  crack 
starting  stress  must  be  higher  than  the  crack  driving  stress.  If 
it  is  assuaed  t>mt  the  cleavage  strength  uoes  net  depend  nrich  on  the 
rate  of  loading,  the  tensile  stress  at  the  tip  of  the  crack  nuct  bn 
siore  or  less  the  saite  both  in  starting  and  in  ^ropr^'^atir';-;.  fhc 
applied  stresses  and  neecss  ’-r  f<%r  producing  tac  critical 

local  stress  at  the  tip  of  the  crack  isist.  then,  be  invar'^elv  projior- 
tiar.al  to  the  effective  stiess  concentration  factors  in  t-  o tiro  cares. 


I >Am,  Ti^  t 
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At  first  Bight,  it  may  appear  unjustified  to  speak  of  (elastic) 

stress  concentration  factors  in  cases  ;#here  plastic  deformation 

takes  place  and  levels  down  the  stress  at  the  tip  of  the  crack; 

(9) 

however,  Neuber  has  shown  how  the  elastic  stress  concentration 
can  be  calculated  in  such  cases,  provided  that  the  diameter  of  the 
plastically  deformed  region  remains  small  compared  with  the  length 
of  the  crack.  He  demonstrated  that,  if  plastic  deformation  takes 
place  in  a region  of  radius  H around  the  tip  of  the  crack,  the 
effective  elastic  stress  concentration  factor,  defined  as  the  ratio 
of  the  stress  in  the  plentic  region  tc  ths  applied  mean  stress,  is 
approximately  equal  to  the  stress  concentration  factor  of  a crack 
of  the  same  length  but  of  tip  radius  R in  a purely  elastic  body. 
Since  the  elastic  stress  concentration  factor  in  the  latter  case  is 
approxlmately^^^^ 


the  stress  required  for  obtaining  the  value  of  the  cleavage  strer.gth 
at  the  tip  of  the  crack  is  approximately  proportional  to  the  square 
root  of  the  radius  of  the  plastic  region  around  the  tip.  Now  this 
radius  must  be  about  equal  to  ths  thickness  of  the  plasticedly 
llstorted  surface  layer  as  revealed  by  X-ray  diffraction  if  the  crack 
runs  at  high  velocity;  as  mentioned  at  the  beginning  of  this  section, 
the  effective  thickness  of  this  layer  is  about  l/lOO  in.  Ifi  however, 
a cleavage  crack  is  being  started,  the  plastic  deformation  at  the 
tip  of  the  initial  notch  or  crack  is  so  extensive  under  laboratory 
conditions  that  it  can  be  seen  with  the  naked  eya  at  some  distance. 
Consequently,  the  radius  of  the  plastlcedly  distorted  region  is  some 
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10  or  20  tines  createT  vh«n  the  crack  is  started  than  at  tke  tip 

of  the  ran,s;in€  crack:  accerd^ng  to  oq.  (S),  thea,  if  no  other 

factors  of  inportajics  are  present,  tr*a  etarting  stress  <r  J^cst 

6 

ha  ro-ughiy  3 or  4 tines  higher  than  the  propagating  stresa.  This 
cGaclasicn  is  in  fair  agreement  aith  the  observation  that  the 
starting  stress  is  usually  quite  close  to  the  yield  point  which 
is  of  the  order  of  40,000  psl,  while  the  drlTlng  stress  seems  to  be 
b»tween  10,000  15,000 

The  essential  differenoa  between  the  starting  stress  and.  the 
driving  stress  was  the  main  reason  why  the  fracture  tests  oc.  vide 
plates  carried  cut  during  the  last  war  la  connection  with  brittle 
fractores  in  welded  ships  were  so  renarkably  unrevealing.  In  these 
tests,  only  the  starting  stress  could  be  seesured,  and  this  va* 
nlvsys  quite  close  to  the  yield  stress  of  the  plate.  The  experi- 

2L53Ii^S  ILO  j*ygi^»nyd>p  tiiSt  2£S.Sv 

have  occurred  at  considerably  lower  stress  levels. 

2.  Measureroeat  of  the  cirack  nrotjeiraiing  stress. 

The  distinction  between  the  starting  stress  and  the  driving 
stress  can  be  recognised  directly  from  the  fact  that  the  fracture 
of  a Charx^  or  Isod  spscinen  may  be  quite  ductile  although,  et  the  - 
sane  tsanperatur®,  brittle  cracks  can  propagate  la  tbs  snterisl  once 
they  have  run  into  it.  This  ehovs  that  the  conbinatioa  of  notch 
constraint  and  impact  velocity  used  in  the  ccnventional  notch  Im- 
pact tests  Is  not  sufficient  for  starting  the  propagation  of  a crack 
in  all  conditions  under  which  a cleavage  crack  can  propagate  in  the 
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To  the  engineer,  the  driving;  stress  is  more  important  than 
the  starting  stress-  A cleavage  crack  can  start  by  some  accidental 
circumstance  which  may  bo  difficult  to  avoid  (e.g«,  an  underwater 
explosion),  or  in  an  accidentally  too  brittle  part  of  the  structure. 
Hov.'sver,  this  cannot  lead  to  catastrophic  failure  of  the  structure 
if  its  bulk  consists  of  material  that  cannot  propagate  cleavage 
cracks  at  the  service  temperature.  This  raises  the  nuestion:  is 
it  possible  to  devise  tests  which,  unltke  the  conventional  notch- 
impact  testa,  include  means  for  initiating  a cleavage  crack  in  all 
conditions  under  which  such  cracks  may  propagate?  Such  tests  could 
reveal  those  combinations  of  stress,  crack  length,  and  temperature, 
at  which  crack  propagation  is  possible  in  a given  material.  The 
simplest  way  of  sending,  a "pre-f abricated"  crack  into  a plate  under 
tension  would  be  to  provide  one  of  its  edges  with  a notched  flap 
in  which  a cleavage  crack  would  be  initiated  by  tension  the' 

tensile  stress  in  the  flap  could  roach  the  yield  point  and  so  it 
could  initiate  a brittle  crack  even  if  the  stress  in  the  main  body 
of  the  specimen  would  be  quite  low. 

The  first  experirnar.t=  i-  this  field  have  been  carried  out  by 
T.  S.  Robertson^^^ ^ He  provided  the  edge  of  the  plate  with 
a saw-cut  and  started  the  propagation  of  a cleavage  crack  from  its 
tip  by  a combination  of  a wedging  impact  and  lo^irered  temperature.  The 
wedging  force  was  exerted  in  the  way  indicated  by  Fig.  1;  a blow 
on  the  round  eyelet  caused  plastic  deformation  which  forced  apart 
the  saw-cut  inside  the  eyelet.  As  indicated  in  the  figure,  the  spec- 
imen Iiad  a transverse  temperature  gradient,  the  side  provided  with 


w 


10  - 


the  eyelet  and  the  notch 
being  colder  than  the  oppo- 
site side;  the  cleavngc  crack 
Initiated  at  the  notch  stopped 
In  Its  way  across  the  plate, 
and  the  temperature  at  the 
point  of  arrest  could  be  re- 
garded as  the  upper  limit  at 
which  cleavage  crack  propaga- 
tion was  puBsible  under  the 
conditions  of  the  experiment. 

By  repeating  the  exper- 
iment with  different  values 
of  the  tensile  stress  in  the 

plate,  Robertson  could  plot  curves  showing  the  dependence  of  the  temper- 

(^  4) 

ature  limit  upon  the  applied  stress'  . Although  some  materials  gave 
capricious  curves,  the  majority  behaved  according  to  Fig.  2:  There  was 

usually  a sharp  temperature  limit  above  which  no  stross  could  propagate 
a cleavage  crack.  Below  this  lirriit,  the  arrest  temperature  dropped 
very  rapidly  with  decreasing  strsss;  the  relationohip  between  the 
two  quantities  was  often  a straight  line,  a»  shown  with  full  lines 
in  Fig.  2.  Occasionally,  there  was  a step  In  the  line,  as  indicated 
with  dotted  lines,  and  sometimes  the  type  of  the  curve  was  quite 
different  from  those  shown  in  Fig.  2.  Robertson  verified  experi- 
mentally that  the  temperature  limits  of  crack  propagation  were  the 
same  in  plates  cf  uniform  temperature,  so  that  the  praseucs  of  a 
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temperature  gradient  did. 


Stress 


not  introduce  errors. 


Recently  similar  ex- 


Ternperoture  T 


pcriments  have  heen  publlolied 
by  Feeley,  Hrtko,  Kloppe, 
and  Northup^  . In  these, 
the  notch  v.'as  provided  with 


a continuation  consisting  of  a 


short  cleavage  crack  before 


the  experiment;  after  the 


plats  was  put  under  tem;ile  stress,  a wedge  was  driven  into  the  notch 
by  the  impact  of  a bulle.t.  It  v/as  found  that  the  lower  limit  of  the 
tensile  stress  below  whicn  no  fracture  occurred  was  remarkably  inde~ 
pendent  of  the  length  of  the  initial  crack  (including  the  notch) 
within  a certain  temperature  interval  inside  the  transition  range; 
above  and  below  this  interval,  the  minimum  fracture  stress  increased 
with  increasing  temperature.  It  should  be  added  hov/ever,  that  the 
crack  lengths  varied  only  between  3/4  in.  and  2-1/2  in.  In  addition, 
the  energy  of  the  wedge  impact  did  not  influence  the  mi.nimum  fracture 
stress  if  the  kinetic  energy  of  the  bullet  was  above  100  ft-lb; 


below  this  value  the  fracture  stress  increased  vnth  decreasing  impact 
energy.  Finally,  the  minimum  fracture  stress  did  not  dei^end  on  the 


temperature  in  the  interval  Just  mentioned  within  the  transition 
range;  outside  this  interval,  it  increased  with  the  temperature. 


3.  The  mean! ng  of  the  Robertson  curves . 


As  mentioned  in  connection  with  Fig.  2,  the  (T-  T curves  obtained 
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by  Robertcon  usually  consisted  of  t.wn  different  parts:  a vortical, 

or  nearly  vertical  one,  and  another  which  v/as  slightly  sloping 
against  the  horizontal.  The  jirobable  inteirpretation  of  the  vertical 
portion  is  that  it  represents  the  tempornture  limit  above  which  the 
velocity  effect  (aided  by  the  slight  trinxiallty  of  tension  present 
around  the  tip  of  the  running  crack)  is  unable  to  raise  the  yield 
tension  to  the  level  of  the  cleavage  strength.  The  meaning  of  the 
sloping  part  of  the  curve  is  leas  simple;  the  follov/ing  interpre- 
tation seems  to  be  fairly  plausible. 

Below  the  temperature  limit  given  by  the  vertical  part  of  the 
curve  the  propagation  of  the  crack  ought  to  be  governed  by  a condi- 
tion of  the  type  of  aq.  (2).  With  increasing  crack  length  c,  the 
applied  (mean)  tensile  stress  required  for  propagation  decreases  If 
the  plastic  surface  work  p remains  constant.  In  Robertsor's  ex- 
periment*- p was  not  constant:  since  the  temperature  increased  in 

the  direction  of  crack  propagation,  the  value  of  p must  also  have 
increased  as  the  crack  ran  into  regions  of  increasing  tempernture. 
However,  this  effect  could  mirdly  overcompensatc  the  rapid  increase 
of  c:  almost  certainly  the  stress  recjiired  for  further  propagation 

must  have  dropped  in  the  course  of  the  propagation.  If  the  crack 


nevertheless  stopped  before  it  arrived  at  the  temperature  limit 
of  cleavage  propagation,  this  could  hardly  have  been  due  to  anything 


but  the  sharp  drop  of  load  that  accompanies  the  propagation  of  a 
crack  if  the  testij;^,  niachine  cannot  follow  tho  elongation  of  the 
specimen.  In  experiments  of  Felbeck  and  the  present  writer  it  was 
often  found  that  the  crack  stopped  halfway  tlirough  the  plate  (which 
was  of  uniform  temperature)  owing  to  load  relaxation  in  the  testing 


1 
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Stress 


( 8 ) 

machine'  . Vfhat  must  have  happened  in  Sobertson' s experiments  is 
illustrated  in  Fig.  3.  K is  the  curve  representing  the  crack 
driving  stress  as  a function  of  the  crack  length  c,  according  to 
eq.  (2);  at  a lower  temperature  the  magnitude  of  p must  he  lower, 
and  the  corresponding  curve  L must  lie  helow  H.  If  L refers  to  the 
temperature  at  the  cold  aids,  and  H to  that  at  the  hot  side  of  the 
Robertson  spocimen,  the  actual  curve  of  the  driving  stress  will  be 
given  by  the  dashed  transition  curve  between  L and  H.  The  drop  of 
the  mean  tensile  stress  due  to  load  relaxation  is  represented 
schematically  by  the  curves  1 and  2,  the  former  referring  to  a 
higher  and  the  latter  to  a lower  value  cf  the  initial  stress.  In 
drawing  these  curves  it  was  assumed  that  the  load  drop  ovsrcompen- 
sates  the  decrease  of  the  load  carrying  area  during  crack  propagation; 
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this  Is  to  bs  expected  for  the  hjrdi'aullc  loadl2ig  device  used  by 
Robsrtaon^^*^^ . 

Up  to  the  point  A of  curve  1,  or  point  B of  curve  2,  there 
can  be  no  crack  propagation  unless  the  applied  stress  Is  comple- 
mented by  the  wedging  Impact  upon  the  eyelet.  From  A to  C,  and 
from  3 to  D,  the  crack  propagates  with  acceleration  since  the 
applied  mean  stress  ascssds  that  demanded  by  the  crack  propagation 
condition;  at  C or  0,  the  crack  deculerates  and  later  stops.  With 
a higher  Initial  stress  (curve  1)  the  final  length  of  the  crack  is 
obviously  greater  than  with  a lower  stress  (cui^e  Z);  since,  how- 
ever, longer  cracks  end  at  points  of  higher  temperature  In  the 
Robertson  experiment,  the  temperatures  of  arrest  In  the  region  be- 
low the  critical  temperature  limit  must  Increase  with  the  Initial 
stress.  If  this  Incerpretation  Is  substantially  correct,  the 
gently  sloping  part  of  the  Robertson  curves  may  reflect  the  be- 
havior of  the  testing  equipment  rather  than  significant  properties 
of  brittle  fracture. 

4.  The  experiments  of  Feeley,  Hrtko,  Kleppe,  and  Northup . 

One  of  the  remarkable  features  of  these  ex|)erlmente  Is  the 
observed  Independence  of  the  minimum  fracture  stress  from  the 
Initial  crack  length,  the  Impact  energy,  and  the  temperature,  In 
considerable  ranges  of  these  variables.  It  Is  an  Important  question 
whether  this  independence  Is  a fundamental  property  of  brittle 
fracture  or  n more  or  less  accidental  consequence  of  me  experi- 
mental conditions:  In  the  first  case,  the  observed  minimum  fracture 
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j.trnos  (10,000  psi ) could  bo  toe  basis  of  u desii'^n  strcns  the  use 
of  wnlch  v/ould  safo/^ard  the  structure  a/;ainst  tho  possibility 
of  brittle  fracture. 

Hov.'over  attractive  this  may  seem  to  the  desi^;nin('  engineer, 
a simple  consideration  shows  that  it  could  hardly  be  reconciled 
with  elementary  facta  of  solid  raechanlcc.  A crack  propagates  v;hen 
local  fracture  occurs  at  its  tip:  this  cannot  depend  on  anything 

but  the  local  stresses  and  strains.  TKese,  however,  are  by  no 
means  determined  by  the  mean  tensile  stress  in  the  plate  alone: 
the  length  of  the  crack  1s  equally  Important.  It  determines  the 
elastic  stress  concentration  factor  by  which  the  applied  stress  has 
to  be  multiplied  in  order  to  obtain  the  local  stress  at  tho  crack. 
If  the  stress  is  so  high  that  the  entire  plate  is  yielding,  there 
is,  of  course,  no  elastic  stress  concentration  and  tho  stress  at 
the  crack  tip  is  determined  by  the  plastic  constraint  factor  which 
does  not  depend  much  on  the  length  of  the  crack.  However,  in  the 
experiments  considered  the  tensile  stress  was  between  l/4  and  1/3 
of  the  ylold  stress,  so  that  the  entire  plP.to  must  have  bean 
purely  alastlc  with  the  exception  of  a small  plastic  region  at  tho 
tip  of  the  crack.  Under  such  circumstances,  Nouber' s theorem; 
ns  outlined  in  Section  1,  can  be  applied;  in  connection  with  the 
elastic  stress  concentration  factor  eq.  (3),  it  leads  to  the 
conclusion  that  the  applied  stress  at  which  the  amount  of  plastic 
yielding  needed  for  developing  the  plastic  constraint  takes  place 
must  be  approximately  inversely  proportional  to  the  length  of  the 
initial  crack. 
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This  arguir.sn?,  seems  so  inevitable  that  it  probably  rules  out 
the  possibility  of  a craclc  propagating  stress  being  fundcunen tolly 
independent  of  the  length  of  the  cracSc.  The  question  is,  then; 

Vi'hat  is  the  cause  of  the  independence  of  the  minimum  fracture 
stress  as  observed  by  Feeley,  Hrtko,  Kleppe,  and  iJorthup,  from 
ths  crack  length,  the  impact  energy,  and  the  temperature  in  certain 
ranges  of  these  variables? 

To  begin  with,  it  is  by  no  means  dertain  or  even  probable  that 
the  minimum  fracture  stress  observed  by  Feeley  and  his  associates  is 
a crack  propagating  stress.  In  Robertson's  experiments  t)ierc  is  no 
doubt  that  a moving  crack  has  bean  created  by  the  impact  upon  the 
cooled  notched  eyelet,  and  that  the  failure  of  the  experiments  to 
give  information  about  .the  magnitude  of  tne  driving  stress  is  duo 
merely  to  the  fact  that  the  applied  load  cannot  be  measured  reliably 
when  the  crack  starts  to  run.  In  the  experiments  of  Feeley  and  his 
associates,  on  the  other  hand,  no  crack  propagation  can  bo  observed 
unless  complete  fracture  occurs.  This  sug/;ests  strongly  the  possibil- 
ity that,  for  some  reason,  the  wedge-impact  method  of  startir^g  the 
crack  propagation  may  not  be  as  effective  as  the  eyelet-impact  mathodj 
so  that  the  stress  that  has  to  be  applied  for  starting  the  crack 
under  wedge  impact  is  higher  than  tne  stress  required  for  propagating 
it  once  it  has  been  started.  In  ct.hcr  words,  the  fact  that  the  crack 
does  not  move  unless  it  runs  through  the  plate  suggests  that  the 
minimum  fracture  stress  observed  is  a cracK  starting  stress,  not  a 
driving  stress.  A detailed  analysis  given  in  Section  6 supports 
this  possibility.  Before  dealing  witn  it,  however,  a relatively 
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trivial  posBibility  of  explaining  the  Independence  of  the  driving 
stress  from  the  crack  length  In  a limited  r-nrige  of  crack  lengths 
should  he  discussed. 

5.  Influence  of  the  finite  specimen  sisa. 

If  the  plate  Is  very  wide  compared  with  the  length  of  the  crack, 
the  elastic  stress  concentration  factor  is  given  approximately  hy  eq. 

(3):  it  is  proportional  to  the  square  root  of  the  length  of  the  crack, 

rig.  4 shows  the  opposite  limiting  case  of  a plate  containing  two  symme- 
trical edge  cracks  so  deep  that  the  remaining  width  of  the  plate  hetween 
their  tips  is  smaii  compared  with  the  radius  of  curvature  of  the  tips. 

In  this  case,  the  stress  concentration  is  small  if  (as  usual)  the 
nominal  stress  is  referred  to  the  remaining  cross  BHction  hetween  the 
cracks,  and  it  converges  to  1 as  the  distance  between  the  crack  tips 
"becomes  vanishingly  small  compared  with  the  tip  radius  which  is  con- 
sidered to  be  constant  (this  corresponds  to  the  fact  that  the  tip  radius 
of  an.  atomically  sharp  crack  is  of  the  order  of  the  interatomic  spacings 

and  does  not  change  with  the  length  of  the  crac'K).^,  Figure  5,  after 
(9) 

Neuber  , shows  the  curve  1 representing  the  dependence  of  the  stress  con- 
centration factor  of  a relatively  shallow  crack  upon  the  crack  length, 
and  the  curve  2 giving  the  same  dependence  for  a deep  crack  (l.e., 
a crack  the  length  of  which  approaches  half  of  the  width  of  the  plate 
and  which  faces  another  crswk  situated  eymraetrlcaily  at  the  opposite 
edge  of  the  plate).  The  complete  dependence  of  the  stress  concentra- 
tion factor  upon  the  depth  of  the  crack  must  be  given  by  a curve 
(fully  drawn)  which  converges  at  the  two  limiting  points  towards  the 
asymptotic  curves;  it  must  have  a ma;timura  at  an  intermediate  point, 


Position  of  crocK  tip 


snd  tile  t’ep'eniieriC'e  cf  tlie  strev'i  C'Tncentrr.ti  ,,.  T-cttr  ’“tr;  "rr-'iCf; 
ieiigth  Eust  t-8  szAll  in  tr.a  refTioE  aro’jnd  the  nnilEut:-  Acooraiti£  to 
h'euter*  s calculatioas,  the  saxinuBi  occurt  in  a syEnetrlcRlly  notcheii 
plete  as  used  in  the  experinents  of  Feeley,  HrthOi  Xlenpe,  arii  Iiortiaup 
Witen  the  depth  of  the  crack  Is  aaou.t  1/6  of  th*”  full  vidth  of  the  plat«. 
In  the  exnerlEs^ts,  the  crack  length  Tarisd  betveen  3/4  in.  and  2 in., 
and  the  plete  widths  used  vere  6 in. , 10  in.,  and  16  In.;  thus,  the  ratio 
of  Che  crack  length  to  the  pints  width  ■rsried  astween  about  1/20  and  1/3. 
The  cases  InTsstigated  nust  hare  been,  therefore,  Just  arcond.  the  top 
of  the  f'illy  drawn  enrra  in  Fig.  5 wh.»re  ;he  Influence  of  the  crack 
leegt.n  upon  the  driving  stress  is  Tory  snail.  It  seess  nevertbelees 
that  the  effect  of  the  crack  length  ought  to  have  been  noticeable  if 
the  finite  width  of  the  plate  had  bean  tha  only  causa  of  the  insensi- 
tivity of  the  fracture  stress  to  the  crack  length. 


The  effect  of  the  finite  width  has  been  discussed  in  greeter  de- 


tail on  a somewhat  different  basis  Frofossor  M.  uensaner 
final  conclusions  agree,  on  the  whole,  with  the  present  ones. 


‘15). 


Since  the  effect  cf  tne  finite  width  is  "jniikely  to  explain  fully 


the  observations,  in  what  follows  a simple  general  analysis  of  the  condi- 
tion of  brittle  crack  propagation  under  the  cenbined  Influence  of  a 


tensile  stress  and  a wedge  pressed  into  a crack  will  be  given. 


S.  Crack  proparattioa  under  t-enslon  coabined  with  wed/re  nenet ration . 

As  a nrenaration  for  the  discussion  of  the  excerinents  of  Feeley 


and  hts  sssccintos,  the  Griffith  tsieory  cf  crac.<  rropagation  in  a 
f’illy  brittle  plate  should  be  extended  to  the  case  of  a plate  being 


unaer  te'^slcn  while  at  the  sane  I Lise  a wedge  is  being  forced  into 
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t a sharp  edpe  nrarV  of  length  c 

(Fig.  6). 

The  f ore a exerted  by  the 
vfrdge  iipon  the  ^alla  of  the  crack 
has  coth  vertical  and  horisantal 
cc^qjoaents.  Howaverj  the  horl- 
zoxitel  (tressveree)  mes  are  cf 
alnor  Influence;  in  what  follows, 
they  will  bo  disregarded.  Let  S' 
be  the  vertical  wedge  force  per 
unit  thickness  cf  tbs  plate; 
according  to  the  experimental 

Fi^.  6 

conditloBs.  it  may  c«  concentrated 

in  snail  areas  of  the  crack  vails  adjacent  to  the  edge  of  the  plate, 
or  distributed  in  sooa  maimer  over  the  wa.>.l8.  In  the  axperlnenis  of 
Feel-y  stmI  asscejet^s.  the  vedgs  force  vas  dlstrlbiited  over  areas 
that  ssust  have  been  rcughly  l/8  to  1/4  of  the  area  of  a crack  wall; 
this  woo  o ccnzequance  of  the  plastic  squeezing  of  the  crack  walls 
by  the  wedge.  For  the  following  consideration,  it  will  be  assused 
that  the  vertical  wedge  force  is  distrlbated  unixomly  over  the 
crack  walls;  if  it  is  no;,  a correction  factor  f of  order  unity  can 
be  applied  so  that  the  effects  of  the  wedge  force  S are  equivalent 
to  tho'^e  of  a uniformly  distributed  force  f . 7.  Such  a uniformly 
distributed  force  aisoonts  to  a unifom  pressure  f7/c  acting  upen 
the  crack  walla. 

This  pressure  can  be  reiioved  by  iaraerslng  the  entire  plate  into 


a liquid  under  the  hydrostatic  tension  fF/c.  The  superposition  of 
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a }\vd.ro3tatic  tension  v/ould  mnke  no  difference  if  the  plastic  be- 
havior of  the  plate  were  to  be  Investigated;  in  the  present  case, 
hov/ever,  it  produces  an  additional  tensile  stress  fF/c  in  every 
surface  element  at  every  point  of  the  plate.  This  can  be  deducted 
ultimately;  in  addition,  it  is  easily  seen  that  its  effect  is  snnnii 
if  tho  stres.s  concentration  factor  of  the  crack  is  large  compared 
with  1.  With  the  hydrostatic  tension  superposed,  all  sides  of  the 
plate  are  erpoaod  to  an  additional  tensile  stress  f?/c.  The  stresses 
acting  on  the  faces  and  the  side  edges  of  the  plate  cannot  have 
much  Influence  on  the  propagation  of  the  crack;  consequently,  the 
main  effect  of  the  superposed  tension  (in  addition  to  removing  the 
v;cdg3  force  from  the  crack  walls)  is  to  create  an  additional  tensile 
stress  fF/c  perr'-endlcular  to  the  crack,  superposed  to  the  tensile 
stress  applied  to  the  plate  in  addition  to  the  wedge  force.  The 
added  stress  fF/c  increases  the  tensile  stress  at  the  tip  of  the 
crack  by  q . fF/c,  where  q is  the  stresn  concentration  factor  of  the 
crack.  If  It  is  considerably  larger  than  unity,  the  superposea  hydro- 
static tension  fF/c  is  small  compared  with  the  additional  tensile 
stress  it  creates  at  the  tip  of  the  cr.ack,  so  that  the  final  de- 
duction of  fF/c  can  be  omitted.  This  will  bo  done  in  the  present 
case.  Since,  for  tho  steel  plates  in  tho  experiments  discussed, 
fracture  occurred  uTider  tensile  stresses  as  low  as  l/4  of  the  yield 
stress  and  probably  10  or  15  times  less  than  the  cleavage  strength, 
tha  effective  stress  concentration  factor  of  the  crack  must  be  of 
L’ne  order  10  or  15,  and  so  the  omission  of  the  superposed  hydrostatic 
pressure  caustiS  an  error  less  than  10  per  cent. 


C in 


Fig.  7 

Tho  result  of  this  considerntion  is  that  the  wedge  force  T 
is- atroroximntely  eqvd-^alsnt  to  an  addit-.iopnl  tensile  stress  fF/c. 
'•/ithout  it,  Llie  cr.ack  propage.tion  condition  would  have  the  Griff itii 
form  eq.  (l);  if  the  v/edgo  force  is  applied,  the  condition  becomes 


' Fig.  7 shows  or  plotted  as  a function  of  the  crack  length  c 

for  several  values  of  the  wedge  force  F,  V/ith  F 0,  the  square- 
root  hyperbola  representing  the  Griffith  eq.  (1)  results:  with 

incronsing  values  of  the  wedge  forcu.  the  curves  F = const,  move 
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down’  arda.  All  curves  except  that  for  T = 0 have  a maximum  at  a 
value  of  c determined  hy 


dcr  /da  = 


(Ea9-^^ 


. fP  ^ 
+ -^  = 0 


hence , 


(7) 


If  this  is  Introduced  into  (6),  the  value  of  (T  at  the 
maximum  is  ohtnlnsd  as 


Eg  Eg  _ Eg 

m “ 2fP  “ 4fP  ~ 4fP 


(8) 


The  curves  P = const,  intersect  the  abscissa  axis  before  rising 
to  the  maximum.  The  point  of  intersection  represents  the  length  to 
which  a crack  can  be  driven  be  a wedge  force  alone,  without  an  applied 
tension;  eq.  (6)  and  Fig,  7,  therefore,  include  a crude  theory  of 
knife  penetration  into  e.  largo  solid  block.  According  to  oq.  (7), 
a finite  wedge  force  can  cause  finite  penetration  only,  if  the  block 
is  infinitely  large.  It  is  remarkable  that  the  crack  length  pro- 
duced by  a wedge  increases  with  the  wedge  force.  The  longer  the 
crack,  therefore,  the  greater  the  wedge  force  necessary  to  projK* 
agate  it  further;  infinitesimally  short  cracks  can  bo  extended  with 
inf  mites  imtilly  small  wedge  forces.  This  behavior,  however  natural, 
is  contre.ry  to  the  mental  habit  acquired  in  the  Griffith  theory  whore 
largo  cracks  wore  easier  to  propagate. 

Suppose  now  that  a constant  tensile  stress  is  applied  to  the 
.plate  and  a wedge  is  grad'ually  pressed  into  the  crack;  the  wedge 
fores  should  be  capable  of  Increasing  to  a certain  maximuia  amount 
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but  not  beyond  this.  Lot  the  applied  Gtroes  correspond  to  the 
level  of  the  dashed  line  in  Fig.  7,  and  let  it  be  assumed  that  the 
initial  length  of  the  crack  is  the  abscissa  of  the  point  P.  If 
the  maximum  possible  wedge  force  is  such  that  fF  =•  0.75  . 10  dyne/cm 
(see  Fig.  7),  it  can  extend  the  crack  to  the  point  but  not  more. 

If,  however,  the  wedge  force  can  be  increased  to  1.10  dyne/cm  , 
the  point  M at  the  maximum  of  the  curve  fF  = 10  dyne/cm  can  be 
reached.  Any  further  extension  of  the  crack  would  take  place  at  a 
decreasing  wedge  force;  consequently,  the  maximum  of  a eux-ve 
F =■  const,  is  a point  of  instability  at  whlc>i  crack  propagation 
under  falling  wedge  force  and  thus  fracture  can  taVo  place.  It 
does  net  take  place  vuidsr  all  c i reams t. ar.es s,  but  only  if  the  force 
applied  to  the  wedge  is  always  maintained  at,  or  above,  the  value 
corresponding  to  the  F = const,  curve  that  goes  through  the  point 
of  which  the  ordinate  is  the  applied  tensile  stress  and  the  abscissa 
the  current  value  of  the  crack  length,  i'fhen  this  representative 
point  arrives  at  the  Griffith  hyperbola  (point  R),  the  wedge  force 


may  disappear,  and  the  applied  streSB  alone  la  capable  of  ecntijval'jg 
the  propagation  of  the  crack. 

A remarkable  point  is  that  the  length  of  the  initial  crack  does 
not  matter  at  all  if  only  It  is  shorter  than  the  abscissa  at  the 
maximum  of  the  F t=  const,  curve  of  which  the  horizontal  representing 
the  applied  "tress  is  a tangent.  Under  this  condition,  the  minimum 
fracture  stress  for  a given  wedge  force  is  quite  independent  cf  the 
length  of  the  initial  crack. 

So  far,  only  crack  propagation  in  a fully  brittle  material 
has  benn  considered.  Can  the  results  be  applied  to  normally  ductile 
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bat  no4ch-brlbtle  steels  nfter  re*ijl.acln^  tne  surface  eaerey  A 
tr^  plastic  surface  work  p?  In  this  vay,  eq.  (6)  vouii  b«ccine 


and  eqa.  (?)  and  (e)  wculd  chsis^  into 

^ ^ <’*> 

tmd 

fbe  pracadisg  considerations  bare  led  to  the  siev  that  low  carbon 
steal  has  tvo  aitematlra  creek  propagation  conditions.  lEha  first 
appllec  to  a crack  at  rest;  it  gives  the  "starting  stress"  required 
for  setting  It  1e  motion.  The  second  applies  to  a rapldljf  aztending 
crack;  it  gives  the  "driring  stress'*  necesssoy  for  inaictainlHg  the 
velocity  of  propagation.  The  driving  stress  is  the  applied  stress 
needea  for  prodneing  at  the  tip  of  the  crack  a siisall  plastically 
deforced  region  in  which  the  local  stress  rises  to  the  value  of 
the  cleavage  strength  by  the  cooibined  action  of  the  high  rate  of 
deforecvion  and  of  a (relatively  small)  triariallty  of  tension..  ?he 
crack  etarting  stress,  on  the  other  band,  has  to  produce  a hl^ier 
plastic  cciistralnt  because,  in  the  absence  of  a high  strain  rats, 
the  triaxlality  of  tension  alone  ii&i  to  raise  the  stress  to  the 

t'his  It-  h,*i2  t o iBdsiCS  plastic  def CTzict Ida 

In  a region  of  greater  radius.  In  view  of  IJeuber’e  thsoreu  (Section  1), 
therefore,  the  two  oropagut Ion  conditions  differ  minly  in  that  the 
starting  condition  denanis  the  creation  of  a larger  region  of  plastic 


defomatic... 


This  requires  a higher  value  of  tne  atplied  stress 
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because,  according  to  Neuter,  the  tip  radius  of  the  equivalent 
crack  ia  tiio  TKirely  elastic  ca*,a  (see  Section  1)  Is  then  greater 
and  S3  tne  stress  concentration  factor  for  a crack  cf  given  length 
lover,  vhereas  the  stress  tnat  =ust  oe  reacned  at  the  tip  of  tlio 
crack  is  equal  to  tae  cleavage  strength  both  for  the  resting  and 
for  tfje  coving  crack. 

It  con  be  shown  tsiat  the  Orlfflth  typo  eqs.  (l)  and  (2)  are 

ec?iivalsct  tc  conditions  doraan-llng  the  nttainnent  of  a critical 

(5) 

fracture  stress  at  the  tip  of  the  crack  : Instead  of  using  atoaic 
quantities  such,  as  tbc  tip  radius  of  a clcavnge  crack  and  the  sole— 
cular  cohesion,  they  express  the  sane  nr-.pagatlon  condition  In  ter«s 
of  tsacroscoplc  quantities  (Young's  nosbalns  S and  the  specific  work 
of  crack  vail  fomation  a or  p).  That  the  starting  of  a crack 
requires  3»ore  extensive  plastic  deforKatlons  than  its  furt-or  prop- 
agation vlll  be  reflected  in  a hi^ier  value  for  p in  aqs.  (6a), 

(7a).  and  (8a)  vfaen  ihese  equations  are  usod  for  obtaining  the 
starting  coxidltion;  instead  of  the  value  of  2.10  erg/ca  , valid 
for  the  running  craidr,  the  aagnitade  of  p nay  be  IG  or  50  tinea 
hitler  vhen  the  crack  is  beli^  started.  This  neans  that  the  Griffith 
hyperbola  in  Fig.  7 will  be  raised  by  a factor  of,  say,  5 to -7,  and 
the  carves  O’  — V (c)  for  F const,  will  rise  bf  Ibe  sase  anount 
as  the  corresponding  points  cf  the  Griffith  curve  because  the 
difference  between  the  ordinatas  of  the  latter  and  those  of  the 
fomer  (see  eq.  (6))  Is  Fi'/c,  l.e«.  Independent  of  p.  £qs.  (Ta) 
and  (5a)  snow  that  the  abcciccs.  cf  ths  naxiinzm  of  the  o—  c curve 
will  be  smaller,  and.  the  value  o of  the  naxlnuu  larger.  This 
laeons,  according  to  Fig.  7,  that  the  crack  requires  for  storting 
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hlghei  ••.'alue*  of  the  ved^  force , or  of  the  teasile  stress,  or  both, 
thsn  fcT  its  further  propa^tlon  after  It  has  gathered  spssd.  In 
other  vords.  cTen  vitb  the  use  of  a wedge  a starting  dlfficaltj 
has  to  he  orareniM,  and  the  ccahlnatlons  of  tsasils  stress  and 
wedm  force  needed  for  starting  the  craeh  are  as  a rule  such  aors 
povarful  than  is  aecessaiy  for  its  subsequent  propagation. 

This  raises  the  question  whether  the  use  of  a vadga  Is^wct 
ass  full  ill  its  intended  purpose  of  seeding  a running  crack, 

into  tba  plate  vhlch  vonld  propagate  or  stop  according  to  whether 
the  aqiplSed  tensile  strasa  is  KwOw  cr*  bdov  the  sslae  of  the 
driving  stress.  The  hope  that  this  vcalu  be  possible  was  based  on 
the  staple  picture  that  the  vadge  iapect  wculd  start  tha  crack. 


give  it  a sufficiently  high  reloeitjr,  and  then  disappear  before  the 

initial  crack  length  wcuid  Increase  slgnif  icantly.  Fig.  7,  howerey, 

shows  shat  this  Is  far  fron  being  true.  ?he  vedga  force  isast  act 

until  Che  crack  ha^  reached  the  critical  length  at  which  the  mplled 

stress  alonc^  can  propagate  it  (point  B in  Fig.  Tbls  critical 

length,  however,  is  in  general  iiiuch  greeter  than  the  initial  length 

6 3 

of  the  crack:  with  the  value  p = 2.10  erg/cn  valid  for  tba  running 

d 

crack  and  the  tensile  stress  of  10,000  psi  = 6*5  . 10  dyae/ca  , 
eq.  (2)  gives 


c 


2-^ 


4*75  . 


9*3  c*»3.6  in.  (9) 


If  ttaa  Initial  crack  is  shorter,  it  has  to  be  extended  to  this 

length  by  t he  cotobined  actios  of  the  vaege  force  and  t.ha  applied 
tension  before  the  Letter  can  take  over  alone.  If  the  wedge  inpact 


1 
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is  not  pLuverful  encash,  the  applied  tension  must  be  Increased  in 
order  to  take  ever  the  propagation  of  the  shorter  crack  that  the 
wedge  is  capable  of  producing.  If  tho  impact  is  stronger,  however, 
it  does  not  follow  necessarily  that  it  can  create  a.  loneer  crack 
which  thee,  can  be  driven,  by  a lower  stress.  An  Inrportaiit  factor  it 
the  daratinn  -yf  tbe  impact.  If  the  wedge  fcrce  dis&ppears  between 
H and  ii  in  J"ig.  7,  tbs  crack  length  produced  is  lass  than  at  S, 
f^d  the  crack  needs  for  its  propagation  a higher  etreee. 

The  can-jitiene  of  the  vodge  is^»act  experlasat  are,  then,  far 
more  cosiplez  than  was  anticipated  when  such  ej^keriments  were  planned. 
Firet,  the  wedge  force  Bsay  change  the  length  of  the  initial  crack 
drastically  before  it  dlsaipeare  and  leavss  It  to  the  plate  stress 
to  propagate  the  crack.  Unfortunately  tue  driving  stress  cannot 
i>e  obtained,  unless  the  length  of  the  crack  at  the  c:c-?ont  of  the 
disappearance  of  ine  wedge  force  is  known,  and  this  can  at  present 
only  be  estlnated,  as  In  eq.  (9),  froa  a value  of  p obtained  else- 
where.. Second,  at  the  mooeiLt  when  the  wedge  force  vanishea  the 
cradc  has  a kinetic  energr  which  »ny  extend  It  farther,  ho  that 
there  ney  be  a substantial  increase  cf  the  crack  length  before  the 
applied  stress  takes  e^er  the  propagation,  mird,  the  load  of  tba 
tsBtlcg  gtachlne  drops  by  relaxation  as  the  crack  opens  cp  before 
It  reaches  the  take-over  length:  at  the  nonent  when  the  applidd 

stress  tskes  a TG3T  viTlG  propsgaticn.  therefore,  both  the  length  ox  the 
crack  and  the  corrent  valnie  of  the  nenn  tensile  stress  are  unknown: 
both  E»y  Ise  very  different  frc«  the  Initial  values  of  c 0-  , 

Unless  a radical  inproTeroent  of  the  expert  mental  nethod  can  bo 
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